Growing plant tissue is characterized by a sequence ofmetabolic and hormonal changes which terminate with the death of the tissue (18). This process is referred to as development and senescence of tissue. In the last few years development and senescence of flower petals were studied extensively. Recently attention was focused onto the plasma membranes as a possible location for these processes to occur and be regulated (1, 7, 15) .
depolarizatIo The plasmalenma's microviscosity was found to increase in petals whicb were allowed to age on cut flowers or after isolatio as weU as in isolated protoplasts aged In an aqueous medim. Increasing the temperature of the cut flowers or the isolated protoplasts enhced the increase of the microviscosity of the protoplast plasmakem. The mole ratio of free sterol to p i was greater In protoplasts isolated from old flowers or In protoplasts a after iolation tha In protoplasts bolated from younger flowers. Microviscosity was greatest when protoplasts were aged at pH 4.4 and In the presence of Ca". Artificial alterations of the sterol to phspIolpd ratio In the protoplasts, Induced by treatment with Hp_somes, caused simbr changes In their measured microviscosity.
These f_inIs strongly suggest that the Increase In the petal plasmalemma microviscosity with age Is associated with an Increase In the sterol to ph ratio which results, at least partially, from the activity of endogenous phosphoUpases.
Growing plant tissue is characterized by a sequence ofmetabolic and hormonal changes which terminate with the death of the tissue (18) . This process is referred to as development and senescence of tissue. In the last few years development and senescence of flower petals were studied extensively. Recently attention was focused onto the plasma membranes as a possible location for these processes to occur and be regulated (1, 7, 15) .
Because of the cell wall, the plasmalemma of plant cells, unlike the plasmalemma of animal cells, is not accessible to direct observation. This difficulty has been circumvented lately by methods which facilitate the preparation of plant cells free of cell wall, so-called protoplasts, by the action of specific enzymes on the plant tissue (5). We have reported (2) that the microviscosity in the lipid core of the protoplast plasmalemma from rose petals increases markedly with age and that it is much less sensitive to temperature than the microviscosity of mammalian membranes.
A similar trend of microviscosity changes upon aging in plant microsomal fractions has been demonstrated recently (16) .
The following study elaborates on the mechanism of changes in microviscosity of the lipid core in the plasmalemma. intensity were measured with an instrument which has been previously described (20) (21) (22) . A 365 nm band, generated from a 500-w mercury arc and passed through a polarizer, was used for excitation. The light emitted from the sample was detected in two independent cross-polarized channels, passing through a 2 M sodium nitrite solution which was used as a cut-off filter for wavelengths below 390 nm.
MATERIALS AND METHODS

Plant
The emission intensities polarized parallel (III) (22) . After incubation the protoplasts were washed three times with 0.6 M mannitol and labeled with DPH for fluorescence polarization measutements.
All of the experiments described were repeated at least three times.
RESULTS AND DISCUSSION The fluorescence polarization and intensity were monitored during the incubation of protoplasts with DPH dispersion at 37 C (Fig. 1) . After 30 min the increase in fluorescence intensity was about 20-fold. After 12 min, a constant degree of fluorescence polarization was observed while DPH uptake continued (Fig. 1) . Similar results were obtained for lymphocytes (21) labeled with DPH. The background fluorescence of the protoplasts amounted to less then 7% and allowed us to determine the microviscosity (X7) without applying any corrections. The labeled protoplasts viewed under fluorescence microscope showed an obvious glowing periphery. Attempts to photograph them failed bacause of rapid bleaching (20) .
The microviscosity of the protoplast plasmalemma increased with aging in protoplasts from petals of cut flowers left to age in water, in protoplasts from separated petals kept in water, as well as in isolated protoplasts kept in a mannitol solution (Fig. 2) . The observed increase of microviscosity with age is similar to that observed in protoplasts isolated from petals of intact flowers of 2 Abbreviation: DPH: 1,6-diphenyl 1,3,5-hexatriene. different ages (2) . The rate of increase in microviscosity was faster when either petals or isolated protoplasts were allowed to age.
Since temperature is known to determine the rate of flower aging (13), we have further investigated the effect of the temperature at which the different preparations were kept, on the microviscosity of the plasmalemma. Cut flowers were kept at different temperatures (15-29 C) (Fig.  3) and at several time intervals petals were taken for the isolation of protoplasts. The microviscosity was found to increase with time at all temperatures tested, and the increase was faster as the temperature was raised. Also, as expected, the rate of senescence of the flowers increased with temperature-at 15 C the longevity was 8 days while at 22 C it was 6 days and at 29 C it was only 4 days. Our experiments were not carried out at a temperature higher than 29 C since above this temperature wilting of flowers may result from perturbation in the water balance (14) . In isolated protoplasts we could use a wider temperature range. After keeping the protoplasts for 10 hr in an aqueous medium at various temperatures (3-51 C) the microviscosity of their plasmalemma was measured. Figure 4A shows that in the temperature range of 3 to 37 C the increase in microviscosity correlates weil with the increase in incubation temperature. However, at 51 C substantial decrease in the rate of the change of microviscosity was observed, presumably due to deactivaion of enzymes (12) . It is therefore plausible that the observed changes in microviscosity with senescence are associated with changes in enzymic activities both in the protoplast and in the whole flower. The dependence of microviscosity (measured at 22 C) on incubation temperature is not uniformly linear in the temperature range from 3 to 37 C (Fig. 4A ), yet a plot of log (22 C) versus l/T reveals two distinct linear regions with a discontinuity at around 11 C (Fig. 4B) .
Incubation of the protoplasts for 10 hr at various pH values (Fig. 5) gave an optimum curve with a maximal increase in the microviscosity (measured at 22 C) of the plasmalemma at pH 4.4. As shown, at pH > 6, the effect of incubation is reversed, causing an increase in the fluidity of the plasmalemma. Additional 10 hr of incubation of the protoplasts in the same solution caused an increase in the microviscosity of the plasmalemma at all pH values (data not presented), with a profile resembling the one presented in Figure 5 . These results indicate that low microviscosity values characterize a younger and therefore more vital state of the plant celL and can be correlated with the improved viability and longevity of protoplasts (19) and vacuoles (11) upon increasing the pH.
The presence of 5 to 25 mm Ca2+ ions in the incubation medium Plant Physiol. Vol. 61, 1978 ( Fig. 6) increased the rate ofthe observed change in microviscosity of plaOmaIemma. In protoplasts prepared in the presence of EDTA, which removes the Cae ions (Table I) , the microviscosity still increased, though slower. However, the presence of a chelating agent in the incubation medium only had no effect on the microviscosity; this was also the case when the chelating agent was EGTA which is more specific for Ca2e ions. These observations suggest that when the tissue is disintegrated by the enzymes, Ca2"
ions are released from the middle lamella and are removed by the chelating agent without getting in contact with the protoplasts.
Therefore, the addition of a chelating agent to the incubation medium which was free of Ca2e ions has no effect.
One of the prominent parameters which modulate membrane microviscosity in vivo is the mole ratio of free sterol to phospholipids (21, 22) (1) . Supporting evidence to the contribution of sterol to the observed increase in microviscosity of plasmalemma was obtained from the following experiments. Protoplasts were incubated with either lecithin-cholesterol or lecithin liposomes, a treatment which results in either enrichment or depletion of cholesterol from erythrocyte membranes (6) , and their microviscosity as well as free sterol to phospholipid mole ratio were measured. When protoplasts from young petals were treated with lecithin-cholesterol liposomes, which increased the sterol to phospholipid ratio, the microviscosity of the plasmalemma also increased. Conversely, treating protoplasts from old petals with lecithin liposomes, and thus decreasing the sterol to phospholipid ratio, resulted in a decrease of the microviscosity of the plasmalemma (Table III) .
The in vivo increase in the sterol to phospholipid ratio, at least partially results from the activity of phospholipases which cause a decrease in the membrane phospholipid content. Therefore, it seems to us that the change in microviscosity of the plasmalemma is related to the activity of the phospholipases. This possibility is in line with the observed effects of pH and Ca2" on the microviscosity in plasmalemma. The optimal conditions for the activity of plant phospholipases are pH 4 to 5 (9) and the presence of Ca2" (8) , which are approximately identical with the requirements for the maximalization of the increase in the microviscosity of the plasmalemma (Figs. 5 and 6 ).
Our results indicate that senescence of rose petals is accompanied by an increase in the plasmalemma microviscosity, mostly due to the increase ofthe sterol to phospholipid ratio. This increase is presumably brought about by a decrease of the amount of phospholipids caused by the action of phospholipases.
